Lactic acid bacteria have been used as starter cultures for dairy, meat and vegetable fermentations in many countries. They contribute to flavour development as well as preservation of foods. They also produce a variety of antimicrobial compounds such as organic acids, hydrogen peroxide and bacteriocins. The genus Weissella encompasses a phylogenetically coherent group of lactic acid bacteria and includes eight (Collins et al., 1993) . Based on 16S rRNA sequencing studies of the above Weissella species, they constitute a natural phylogenetic group separated from the genus Leuconostoc within the lactic acid bacteria (Yang & Woese, 1989 ;  . The GenBank accession number for the 16S rRNA gene sequence of strain CHJ3
Leuconostoc-like species, including Weissella confusa (formerly Lactobacillus confusus), Weissella minor (formerly Lactobacillus minor), Weissella kandleri (formerly Lactobacillus kandleri), Weissella halotolerans (formerly Lactobacillus halotolerans), Weissella viridescens (formerly Lactobacillus viridescens), Weissella paramesenteroides (formerly Leuconostoc paramesenteroides) and Weissella hellenica
T is AF312874. -Murcia & Collins, 1990 . However, the morphological and physiological features of Weissella species do not support this grouping directly, which now incorporates species that produce (k)-as well as -lactate (Stiles & Holzapfel, 1997) . Recently, Weissella thailandensis was isolated and identified from fermented fish products in Thailand (Tanasupawat et al., 2000) .
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Kimchi is a traditional Korean vegetable food, fermented by a variety of lactic acid bacteria. The main micro-organisms responsible for kimchi fermentation are known to be Leuconostoc mesenteroides and Lactobacillus plantarum (Mheen & Kwon, 1984) . In particular, Leuconostoc mesenteroides is known to predominate in the early stage of kimchi fermentation and provides anaerobic conditions due to the production of CO # gas. As the pH of kimchi is decreased gradually to pH 4n0 by Leuconostoc mesenteroides, Lactobacillus plantarum then dominates in the later stage of fermentation. It is generally recognized that Lactobacillus plantarum is a major cause of excessive acidification of kimchi in the later stages of fermentation (Mheen & Kwon, 1984 of lactic acid bacteria from genera such as Lactococcus, Lactobacillus, Pediococcus and Leuconostoc have been isolated from kimchi (Lim et al., 1989 ; Cheigh & Park, 1994 ; So & Kim, 1995 ; Lee et al., 1997) . Moreover, newly isolated and identified strains have been reported such as Lactobacillus kimchii (Yoon et al., 2000) and Leuconostoc kimchii (Kim et al., 2000) . Taxonomic studies on micro-organisms from kimchi
are not yet complete. Thus, it is important to classify and identify micro-organisms from kimchi on the basis not only of phenotypic characteristics but also phylogenetic analysis by 16S rRNA sequencing and other molecular tools. In this study, we describe the phenotypic, phylogenetic and genetic characteristics of a novel isolate. These polyphasic taxonomic studies suggest that strain CHJ3 T represents a novel species, Weissella kimchii sp. nov.
Strain CHJ3 T was isolated from 4-d-old kimchi using MRS agar (Difco). Reference strains were obtained from the Korean Culture Center of Microorganisms (KCCM), the Korean Collection for Type Cultures (KCTC), the ATCC and the DSMZ. Morphological, cultural and biochemical tests were performed at 30 mC unless stated otherwise. Colony morphology, Gram staining and catalase production were determined on cells grown anaerobically on MRS agar and MRS broth incubated for 20 h. Cell morphology was examined by scanning electron microscopy. Cells were tested for the ability to grow on acetate agar adjusted to pH 5n4 (Whittenbury, 1965) . Gas (CO # ) production from glucose was determined in MRS broth without citrate using Durham tubes (Holzapfel & Gerber, 1983) . Production of dextran from sucrose was observed on MRS agar in which glucose was replaced by 5 % sucrose (Holzapfel & Schillinger, 1991) . Hydrolysis of arginine was tested in Moeller decarboxylase medium with 1 % arginine (Phillips & Nash, 1985) . Carbohydrate fermentation tests were performed according to Orberg & Sandine (1984) and the API Rapid CH system (bioMe! rieux) using the recommended CHL medium. The isomers of lactic acid formed from glucose were determined enzymically by using -lactate and -lactate dehydrogenase (Roche). SDS-PAGE analysis of whole-cell proteins was carried out as described by Elliott et al. (1991) and Pot et al. (1993) . The GjC content of the DNA and DNA-DNA hybridization were determined by the DSMZ. DNA was isolated and purified by chromatography on a hydroxyapatite column. The GjC content was determined by using HPLC as described by Mesbah et al. (1989) ; non-methylated λ DNA (Sigma) was used as the standard. Spectroscopic DNA-DNA hybridization was carried out as described by De Ley et al. (1970) , with the modifications described by Huß et al. (1983) and Escara & Hutton (1980) . Extraction of genomic DNA suitable for amplification of the 16S rRNA gene was performed by the method of Choi et al. (2000) . A large fragment of the 16S rRNA gene of strain CHJ3 T was amplified by PCR using universal 16S rRNA primers. The amplified PCR products were cloned into pGEM-T easy vector (Promega) according to the manufacturer's recommendations and sequenced using a Tag Dye-Deoxy terminator cycle sequencing kit (Perkin-Elmer) and ABI PRISM 373 automatic DNA sequencer (Perkin-Elmer). For the comparison of 16S rDNA sequences, 16S rRNA gene sequences published previously were obtained from the Ribosomal Database Project (Maidak et al., 1996) , EMBL and GenBank databases. Multiple alignment of sequences, calculation of the nucleotide substitution rate (K nuc ; Kimura, 1980), construction of a neighbour-joining phylogenetic tree (Saitou & Nei, 1987) and 1000-replicate bootstrap analysis for evaluation of the phylogenetic tree topology (Felsenstein, 1985) were carried out with   version 1.6 (Thompson et al., 1994) . Alignment gaps and unidentified base positions were not taken into account. Strain CHJ3 T was isolated from kimchi, which undergoes lactic acid fermentation. Strain CHJ3 T is a Grampositive, short rod-shaped facultative anaerobe. Cells occurred singly and in pairs and their size was 0n3-0n5i1-2 µm when grown on MRS agar at 30 mC (Fig. 1) . Colonies on MRS agar appeared opaque with smooth edges and were approximately 1n0-1n5 mm in diameter after 1 d growth at 30 mC. The bacterium formed gas from glucose, indicating that CHJ3 T is heterofermentative (Vandamme et al., 1996) . It also produced dextran from sucrose. Carbohydrates fermented by CHJ3 T were N-acetylglucosamine, amygdalin, arbutin, cellobiose, -fructose, galactose, β-gentiobiose, gluconate, -glucose, maltose, -mannose, salicin, sucrose and -xylose. Glycerol, erythritol, -and -arabinose, ribose, -xylose, adonitol, methyl β-xyloside, -sorbose, rhamnose, dulcitol, inositol, mannitol, sorbitol, methyl α--mannoside, methyl α--glucoside, lactose, melibiose, trehalose, inulin, melezitose, -raffinose, starch, glycogen, xylitol, -turanose, -xylose, -tagatose, -and -fucose, -and -arabitol and 2-and 5-ketogluconate were not fermented, while aesculin and arginine were hydrolysed. The strain grew in MRS broth containing 6n5% (w\v) NaCl and at pH 4n5, 5n5 and 8n0. In addition, growth was observed at 15, 25, 32, 37 and 42 mC but not at 45 mC.
Analysis of protein profiles produced by SDS-PAGE has been observed to correlate closely with DNA-DNA hybridization results (Vauterin et al., 1992) and has been used for the discrimination of even closely related species (Pot et al., 1993) . Fig. 2 shows representative protein patterns of Weissella species and strain CHJ3 T . The SDS-PAGE protein band pattern of the unknown bacterium was most similar to that of W. confusa DSM 20196 T . However, the protein bands in the 66-31 kDa range showed different patterns (Fig.   2 , lanes 2 and 3). Therefore, strain CHJ3 T could be discriminated from W. confusa DSM 20196 T and other Weissella species. The GjC content of strain CHJ3 T was 48n2 mol %, which is slightly high for the genus Weissella (37-47 mol % ; Collins et al., 1993) .
In order to establish the phylogenetic position of strain CHJ3 T , its 16S rDNA sequence was analysed. The almost complete gene sequence (1515 nt) was determined and sequence searches of GenBank and Ribosomal Database Project libraries showed that strain CHJ3 T had a high level of 16S rDNA similarity to Weissella species. The closest sequence was that of W. confusa DSM 20196 T , with a level of similarity of 98n3 %. However, levels of 16S rDNA similarity between strain CHJ3 T and other Weissella species were lower (below 97 %). Stackebrandt & Goebel (1994) mentioned that, at a sequence homology of about 97n5 %, it is unlikely that two micro-organisms are related at the species level, this percentage being indicative of moderately related species. The sequences of the nearest relatives of strain CHJ3 T were retrieved and subjected to pairwise analysis to determine its phylogenetic position. A tree depicting the phylogenetic position of strain CHJ3 T within the Weissella group of bacteria is shown in Fig. 3 . From the branching pattern of the tree, W. confusa DSM 20196 T was the closest relative of the unknown bacterium, with 100 % bootstrap support. Further analysis was performed using DNA-DNA hybridization to elucidate the DNA relatedness with W. confusa DSM 20196 T . The result of DNA-DNA hybridization between strain CHJ3 T and W. confusa DSM 20196 T differentiated them at the species level (42n7 % hybridization value). According to Wayne et al. (1987) , if the DNA reassociation value is less than 70 %, the strains are considered to belong to different species. In addition, CHJ3 T produced -lactate from glucose, in Collins et al. (1993) , Hammes et al. (1991 ), Holzapfel & Schillinger (1991 , Samelis et al. (1998) and Tanasupawat et al. (2000) .
Characteristic 1 2 3 4 5 6 7 8 9
Acid produced from : contrast to W. confusa (Sharpe et al., 1972 ; Collins et al., 1993) , as shown in Table 1 . On the basis of the physiological and phylogenetic results, it is evident that strain CHJ3 T constitutes a previously unknown Weissella species. Thus, we propose that the bacterium isolated from partially fermented kimchi be classified as a novel species, Weissella kimchii sp. nov.
Description of Weissella kimchii sp. nov.
Weissella kimchii (kimhchi.i. N.L. n. kimchii from kimchi, a traditional Korean fermented vegetable food).
Cells are Gram-positive, non-spore-forming, short rods, approximately 0n3-0n5i1-2 µm, and occur singly or in pairs. Colonies on MRS agar appear opaque with smooth edges and are approximately 1n0-1n5 mm in diameter. Facultatively anaerobic. Catalase-negative. The -form of lactic acid is produced from glucose with gas formation. Ammonia is formed from arginine. Dextran is formed from sucrose. NAcetylglucosamine, amygdalin, arbutin, cellobiose, -fructose, galactose, β-gentiobiose, gluconate, -glucose, maltose, -mannose, salicin, sucrose and -xylose are fermented. Aesculin is hydrolysed. Glycerol, erythritol, -and -arabinose, ribose, -xylose, adonitol, methyl β-xyloside, -sorbose, rhamnose, dulcitol, inositol, mannitol, sorbitol, methyl α--mannoside, methyl α--glucoside, lactose, melibiose, trehalose, inulin, melezitose, -raffinose, starch, glycogen, xylitol, -turanose, -xylose, -tagatose, -and -fucose, -and -arabitol and 2-and 5-ketogluconate are not fermented. Grows in MRS broth containing 6n5% (w\v) NaCl but not in 8n0 % NaCl. Grows at pH 4n5, 5n5 and 8n0 but weak growth at pH 4n0. Grows at 15, 25, 32, 37 and 42 mC but not at 5 or 45 mC. The GjC content of the DNA of CHJ3 T is 48n2 mol%. Isolated from partially fermented kimchi. The type strain is strain CHJ3 T (l KCCM 41287 T l DSM 14295 T l KCTC 3746 T ).
